Abstract. Linear temporal trends in cloud fraction over the extratropical oceans, observed by NASA's Multiangle
. This calibration drift can be expected to reduce the retrieved optical depth, reducing the occurrence of clouds with large-optical depths in the CTH-OD product, and increasing the occurrences of clouds with moderate optical depths. Such a calibration drift will not change the cloud top altitude 180 but will cause clouds at a given altitude to shift toward lower optical depths at that same altitude. Evidence for such a calibration-driven change can be seen to some degree in Fig. 1 , where in the South Pacific (panel (d) ) and South Atlantic (panel (c) ) between 5 and 7 km there is a strong increase of cloud with OD between 9.4 and 23, and strong decrease at this same altitude for optical depths greater than 60. However, Fig. 1 suggests that much of the reduction in optically thick cloud is occurring at high altitudes while the increase in clouds with moderate optical 185 depths is occurring for low level clouds. Limited testing, where the CTH-OD dataset was reprocessed for onemonth with the observed radiances reduced artificially by 2%, suggests a reduction in the occurrence of cloud with large optical depths may well explain 50 to 75% of the MISR trend depending on the region. Plans are underway to reprocess the entire MISR mission, starting from the (level 1) calibrated imagery and eventually including all higher-level datasets (level 2 swath and level 3 global datasets), and this includes the CTH-OD product. This 
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MODIS data suggest there has been a reduction in cloud optical thickness during the period studied, at in least in the North and South Atlantic Ocean and likely the North Pacific as well.
As another note, we add that there is a known issue with the MODIS Terra cloud mask over ocean. MODIS Terra's 8.6 μm channel has undergone warming since around 2010 that has not been corrected though on-board calibration, and this warming has caused a number of clear pixels to be flagged as cloudy in the MODIS cloud product. This On monthly time-scales cloud occurrence is heavily influenced by synoptic conditions, and it seems likely that a large portion of the observed cloud fraction trends are related to trends in synoptic variables. In Fig. 2 , we show the 215 spatial distribution of trends in several of the reanalysis variables discussed in Section 2 (500hPa geopotential height, temperature, and absolute vorticity), hashing denotes trends that are significant with 95% confidence (using 5x5-degree bins). These trends have been computed after first de-seasonalizing the data using compositing, and confidence intervals are determined using the windowed bootstrapping technique discussed above. There is a notable increase in both the 500hPa temperature and geopotential height in the center of the North Pacific region 220 ( Fig. 2 (d) - (e)). This is accompanied by increased anticyclonicity (f) (a negative trend in absolute vorticity in the northern hemisphere), which is expected given the temperature and pressure changes, though the trends in anticyclonicity often do not pass the significance test, which is perhaps due to the large variability in this field. Both the 500hPa temperature and absolute vorticity fields show increasing trends in both Southern Ocean storm track regions (around 40-50S), with only small areas that pass the confidence test which coincide with the largest positive 225 trends (panels (h), (i), (k), (l)). These are accompanied by an increase in geopotential heights that does not pass the 95% significance test, but is meteorologically consistent with the corresponding changes in temperature and vorticity (panels (g) and (j)). In the South Pacific this primarily occurs to the south and the east of New Zealand. In the South Atlantic there is a meridional dipole with the strongest positive changes in these fields in the poleward part of the region. Notably, the regions in the Southern Ocean that show increased geopotential heights, temperature, and 230 anticyclonicity correspond well with the loading pattern of the Southern Annular Mode which has undergone a positive trend during the study period and will be discussed in more detail later (Sections 5.3 and 5.4). In the North Atlantic, while there is a weak increase in anticyclonicity (c), as well as 500 hPA geopotential height (a) and temperature (b), along the storm track (which is similar in sign to the North Pacific) the trends are generally smaller than in the other three basins, with essentially no significant trends.
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In summary, in the ocean basins studied, ERA-Interim reanalysis shows increased temperature, geopotential heights, and anticyclonicity in the storm track latitudes, though more poleward in the South Atlantic. The largest and most robust changes are in the central North Pacific Ocean and weakest in the North Atlantic. Except perhaps in the North Pacific, most of the trend (linear fit to the change) in the reanalysis variables is not statistically significant, however we stress that this doesn't mean that there has been no change in meteorology or that these changes have no impact 240 on the clouds. To the degree the reanalysis data is accurate there has been an increase in temperature, geopotential heights, and anticyclonicity in some portion of each of these basins over the period examined. Rather, the lack of statistical significance means that relative to the annual variability, the change is small and could be a result of annual variability rather than a true trend in the mean temperature, geopotential heights, and anticyclonicity with time. In the following section we use a maximum covariance analysis to identify linkages between trends in the 
Maximum Covariance Analysis
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We wish to identify relationships between two high dimensional datasets. The MISR dataset is a function of time, latitude, longitude, cloud top height and cloud optical depth, while the ERA interim variables described in Section 2 vary in time, height, latitude, and longitude. In particular, we wish to identify which trends in cloud occurrence 
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Antarctic Oscillation (Thompson and Wallace, 2000) . MCA involves applying SVD to a cross-covariance matrix computed between two datasets. It is similar to canonical correlation analysis which involves decomposition of a cross-correlation matrix. For instance, Prohaska (1976) applies SVD to the temporal correlation matrix computed between monthly mean sea level pressure and temperature fields. MCA has also been used historically to understand climate data, in particular, since about 2000, it has been heavily used to identify interactions between sea surface 270 temperature and atmospheric variables (Czaja and Frankignoul, 1999; Liu et al., 2006; Frankignoul et al., 2011, and references therein). It has been used in other areas of the earth sciences as well, for instance in sea ice modeling (Dirkson et al., 2015) and study of the structure of the Madden Julian Oscillation (Adames and Wallace, 2014) .
A complete mathematical description of the formulation used here, as well as a discussion of the significance of MCA modes, is given in Appendix I, and results are shown in Fig. 3 . In short, a covariance matrix is computed that in high thick cloud, and at the same location there has been increased geopotential heights, temperature, and anticyclonicity at most levels. In Section 5, we discuss the modes and their geographic patterns in detail.
Unlike an EOF analysis, the original monthly datasets cannot be fully recovered from the MCA modes alone (information is lost when trends are computed and because the SVD is performed on the spatial covariance matrix between the two datasets). However, monthly time series associated with each mode can be derived by linearly 290 projecting the MCA mode patterns shown in Fig. 3 on to the monthly cloud fraction anomaly data. As noted earlier, and discussed further in the next section, many, but not all, of the MCA modes resemble well documented modes of climate variability. In many respects this is not surprising since midlatitude cloud is intimately linked to the synoptic meteorology and one might therefore expect that changes in synoptic conditions captured by the CPC indices will be correlated with changes in cloud cover. We investigate the relationships between the MCA modes 295 and various climate indices (introduced in Section 2) using a time-correlation analysis. In this analysis, both MCAderived time-series and the climate indices are first detrended before Pearson correlation coefficients are computed.
The correlation values (which will be discussed in the next section) are tabulated in Fig. 4 , along with information about any linear temporal trends in the associated CPC index time-series.
Results
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We have identified several trends in MISR cloud amount over the extratropical oceans in Fig. 1 . Below, cloud fraction trends in each of the ocean basins shown in Fig. 1 are discussed in terms of the MCA decomposition for that basin. We proceed through each of the four basins and examine each MCA mode using shorthand NAX, NPX, SAX, SPX to refer to MCA mode number X in the North Atlantic, North Pacific, South Atlantic, and South Pacific respectively. Under each of the leftmost panels in Fig. 3 , the percentage of covariance between the datasets and 305 variance within each dataset that can be explained by that mode are given as: "(% covariance, % ERA-Interim variance, % MISR variance)." These values provide some additional information about the relative importance of each MCA mode.
North Atlantic
NA1 captures an extratropical trend of increased low-level cloud of moderate optical depth and reduced cloud of NA3 is primarily a subtropical mode (notice location of red colors in left panel of Fig. 3 ) and is characterized by an increase in low level cloud of moderate optical depth in the southern portion of the study region. This increase in low clouds appears to be due to an increase in specific humidity and increased convergence at low levels in the ERA Interim data set, though as noted in Section 2, we caution this increase in specific humidity may be a spurious 335 feature in ERA interim data or may be over-estimated and is not entirely corroborated by MERRA. A somewhat similar pattern of ERA and cloud fraction trends to NA3 is seen in the North Pacific in mode NP3, but NA3 features a small reduction in mid-level cloud around 4 km and larger reduction in high-clouds above 7 km than NP3.
North Pacific
NP1 is an east-west dipole, showing increased low-level cloud and decreased high-level cloud of median optical months. Not surprisingly, we find an even stronger correlation between NP1 and the NPI (r=0.56) and to a lesser degree the PNA (r=-0.48) (which is also known to be strongly correlated to the NPI). The panel on the right side of with less low cloud. We note that the sign of the MCA modes is arbitrary and, as shown, is opposite that defined by the PDO (PDO is positive with warmer SST in the eastern pacific and hence the negative correlation). NP1 also shows a weak increase in mid tropospheric down-welling and low-level divergence with convergence aloft, which may explain the reduction in high cloud, and would further enhance stability in the lower troposphere. height trend for each MISR CTH-OD component. The ECMWF trend data were also arranged into a 2-dimensional matrix ( ). Latitude and Longitude again are represented by one dimension, while the trend variable type (temperature, geopotential, pressure, absolute vorticity etc.) at each height (z) comprise the second dimension. This is depicted in Fig. 6 . Trends in each like-variable (e.g. Z, T, w, CF, etc.) were pre-normalized, meaning that trends for each variable had their mean value subtracted and were divided by their standard deviation. For instance, the 455 mean of all temperature trends is subtracted from each temperature trend, and then the temperature trend data is divided by its standard deviation. A covariance matrix was then computed with respect to space, and a singular value decomposition was performed on this covariance matrix:
Here, is the number of latitude and longitude grid points included in the analysis. The right-hand side is a spatial 
Here, the columns of and are the spatial patterns in their respective trend datasets associated with each of the modes of covariance identified with the MCA. The columns of and were then standardized (in this case they are divided by their standard deviation, but the mean is not removed) and again projected on to the original 470 dimensional versions of and (which we will call * and * ). This yields dimensionalized versions of the MCA modes ( * and * ) and associated normalized spatial patterns ( and ) e.g.:
left panel ( ). Changing the sign of all three panels would then yield the same result, and we have chosen the sign of each mode such that they most resemble the patterns shown in Fig. 1 .
In ascertaining the significance of each MCA mode, it is important to examine the covariance between the two datasets and the variance within each dataset explained by the MCA mode. These values are printed in Fig. 3 underneath each spatial loading pattern in the format: "(% covariance, % ERA-Interim variance, % MISR variance)" Fig. 4 (a) ).
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